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, TERMINAL AREA ENERGY MANAGEMENT 
: REGIME INVESTIGATIONS UTILIZING AN 0,030-SCALL 
| HULL (47-0) OF THE SPACE SHUTTLE VEHICLE 
ORBITER CONFIGURATION 140A/B/C/R IN THE 
AMLS RESEARCH CENTER 11 x 11 FOOT 


, TRANSONIC WIND TUNNEL (0A148) | 
by 
P, J. Hawthorne, Rockwell International Space Division 
: 
ABSTRACT | | 
This report documents data obtained in wind tunnel test 0A148, | 
The objectives of the test series were to: 
1) obtain pressure distributions, forces and moments over the vehicle | 
y Crbiter in the terminal area energy management (TAEM) and approach phases : 
: of flight. : 
2) obtain elevon and rudder hinye moments in the TAEM anc approach | 
phases of flight. | 
3) obtain body fiap and elevon loads for verification of loads | 
balancing with integrated pressure distributions. | 
4) obtain pressure distributions near the short OMS rae in the high ) 
subsonic, transonic and low supersonic Mach number regimes. : 
Testing was conducted over a Mach number range from 0.6 to 1.4 with 
keynolds nutber variations from 4.57 x 108 to 2.74 x 1" ber foot. Model , 
ungle-of-attack was varied from -4 to 16 deyrees and angles of side Slip | 
ranged frou -3 to & degrees. ) 
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Hergt 


Cy 


Plot 
symbol. 


AB 

Ai 

ASB 
BREF, BW 
BV 

CAU 


CA 


CAF 


CASC 
CDU 


CHBF 


CHET 


CHEO 


CHETOT 


CLU 


CBL 


NOMENCLATURE 


Definition 

total Orbiter base area, ft? 
area over which P, acts, ft? 
speed brake basé area, ft? 
Orbiter wing span, in 

vertical tail reference span, in 


Orbiter uncorrected axial force coefficient 


Orbiter axial force coefficient with sting 
cavity adjusted to average base pressured 


Orbiter forebody axial force coefficient. 


Orbiter sting cavity axial force coefficient. 


Orbiter uncorrected drag coefficient 


body flap hinge moment coefficient, about 
hinge line Xp = 1532.0 


inner elevon hinge moment coefficient, about 
hinge line X_ = 1387.0 


outer elevon hinge moment coefficient, about 
hinge line X, = 1387.0 


total right elevon hinge moment coefficient 


Orbiter uncorrected lift coefficient 


Orbiter rolling moment coefficient, body 
axis system 
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CLMU 
CLMF 
CLMSC 
CNU 
CN 
CNF 
CNSC 


CYN 


CPi 
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NOMENCLATURE (Continued) 


Definition 





Orbiter pitching moment coefficient with 
sting cavity adjusted to average base pressure, 
referenced to Orbiter MRC, 


Orbiter uneorrected pitching moment coefficient 


Orbiter forebody pitching moment coefficient 
referenced to orbiter MRC. 


—_ 
Sete Si enc aie eee a 


Orbiter sting cavity pitching moment coefficient, 


referenced to Orbiter MRC : 
{ 

Orbiter uncorrected normal force coefficient 

Orbiter normal force coefficient with sting 

cavity adjusted to average base pressure ; 

Orbiter forebody normal force coefficient 


Orbiter sting cavity normal force coefficient 


Orbiter yawing moment coefficient, body axis system 


surface tap pressure coefficient, port i, 
(Pj - P..)/4q 


Orbiter side force coefficient 


base area force and moment coefficients. 

The first subscript (post fix) designates the 
type of coefficient, the second the pressure 
tap and it's associated area. The symbolic 
vectors [|X] and [Y] ure defined below. 


axial force 
normal force 
side force 
pitching troment 
yawing moment 
rolling moment 
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symbol 


Plot 


Symbo ]. 


LREF 


LU/ DU 
MACH 
PHI 


Pj 


PT 


RN/L 
SREF 
TTR 


XCP/L 


X/LB 


NOMENCLATURE (Continued) 


Definition 


areas associated with pressure taps 
1 through 6 see figure 2b 

sting cavity area 

upper body flap area 


Orbiter reference body length, IML nose 
to Xo & 1528.3, in. 


longitudinal reference length, Orbiter mean 
aerodynamic chord, in 


uncorrected lift to drag ratio, CLU/CDU 
freestream Mach number 


angular cylindrical coordinate position 
around Orbiter body - deg. 


pressure at surface tap i, PSF 

freestream static pressure, PSF 

freestream total pressure, PSF 

freestream dynamic pressure, PSF 

unit Reyneids number, million per foot 
wing reference area, ft? 

freestream total temperature, °R 

center of pressure location referred to Ip 


longitudinal location of body surface, 
fraction of body length 
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Xiurp 
XT 
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Plot 
Symhod 


X/ OM 
X/CV 
L/\3V 
o''/ BW 


XMRP 


XT 


YMRP 
ZT 


ALPHA 
BETA 
BDFLAP 


ELVN-L, 
L-ELVN 


ELVN-R, 
R-ELVN 


RUDDER 
SPDBRK 
ZMRP 


d$ 











NOMENCLATURE (Gone luded) 


Detind tion 


chardwise location on wing surtace, 
fraction of toeal chord 


choardwise locatlon on vertical tall, 
fraction of Joeal chord 


Spanwise location on vertical tall, 
fractlon of vertical tail span 


spanwise location on wing, Traction 
uf som span 


longitudinal location of moment reference point 


longitudinal moment transfer distance from 
Orbiter balance center to Orbiter MRC, in 


lateral location of moment reference point 


vertical moment transfer distance from 
Orbiter balance center to Orbiter MRC, in 


angle of attack, degrees 
angle of sideslip, degrees 
body flap deflection, degrees 


left elevon deflection, degrees 


right elevon deflection, dearees 


rudder deflection, degrees 
speed brake deflection, degrees 
vertical location of moment reference point 


mask character used to indicate al] 
possible values for this test OT through 85 
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REMARKS | 

Uuring the course of the test 11 was necessary to replumh the seani- 

valves, The resultant time loss necessitated deleting the prtority 4 runs , 

{ 

which Incorparated the use of the metrie vertieal tad, : 

Data obtained from pressure taps 184, 296 and 347 are suspect due te . 

slow leaks noticed while leak checking Individual model pressure taps. ) 

Body flap htnge moment data for datasets REBOOT through RERONS have | 

a -Thidrift while datasets RCYOU6 and REGOUZ have a +1osdrift due to daty 

recording system errors. System checks during the remainder ef tht. | 

indicate a system error of less than 4" for body flan ':> > «gment data, | 

Rolling moment data has an approximate -.0U bias in the coefficient. | 

The reason for this was not determined, but possible sources are fabrication | 

tolerances and/or differential stiffness of the left and right elevon 

panels. : 

Distortion of the instrumented elevon shaft appears to have occurred ! 

around run 310 due to model assembly difficulties and the maximum loads en- 

countered at these test conditions. A comparison of measured elevon de- | 

flection before and after the test with the nominal setting is presented 3 

below: | 

Elevon Panel. Nomina) Pre-Test Post-Test a 

~10 -9° 36' ~B° 55! 

ee ~4 ~3° 34! -2° 55! 

= Inboard right 0 +0° 10! +1° 02! 

4 +4° 26' +4° 28! 

- ~ 10 +10°32' #10°39' 
| ~10 ~9° 36' ~B° 5! 

= <4 ~ 3° 34! woe ?Q! 

2 Outboard right 0 ro” 1o' & 05: : 

: 4 +4° 26' +3° 59! | 

10 10830: +10°18' : 

* Inboard only was measured but was the same as outboard pane} (see Ref 2) 

~ | 

5 | 

: sp) , 

j z 
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CONFIGURATION INVESTIGATED 


The Rockwell] International model 47-0 Space Shuttle Orbiter Vehicle 
was utilized in this test series. The model was originially constructed 
to -140A/B lines, but was modified prior to this test with the addition 
of the -140C OMS pods, six inch bevelled interpanel elevon gaps and un- 
covered RCS forward thrustor parts. To denote these additions, the addi- 
tional designations "C" (for -140C OMS pods) and "R" (for RCS thrustors) 
were added, and the slashes deleted for convenience on Table 11 (designated 
".140 ABCR"). 

In data sets RE8069 to 085 the RCS thrustor ports in the nose were 
filled reverting the configuration to -140A/B/C modified with body Bog: 


The following nomenclature denotes the model components: 


Component Description 
Bog 140A/B fuselage (VL70-000140A, VL70000140B) 
Ba 140A/B fuselage (VL70-000140A, VL70-000145, VL70-000140B, 


VL70-000143A, VL70-000139) with RCS thrustor parts (VL70- 
08501, VL70-08502, VL70-08296) 


Co 140A/B basic canopy (VL70-000140A, VL70-000143A) 

Eng 140A/B elevons (VL70-000200, VL70-006089, VL70-006092) 
with six inch bevelled interpanel gaps, no flipper door 

Fy 140A/B body flap (VL70-000140B, VL70-000200) 

Mie OMS-RCS pods for t40C Orbiter 

Noa OMS basic nozzles 

Re basic Orbiter rudder (VL70-000146A, VL70-000095) 

Ve, basic Orbiter vertical tail ('L70-000140A, VL70-000146A) 

Wing basic 140A/B wing (VL70-000140R, VL70-000200) 
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CONFIGURATIONS INVESTIGATED (Concluded) 
Designated configurations are; 
“140 ABC * Bog Cg Eng Fo Mig Nog Re Vy Wig, | 

4 

| 

| 

| 

a | 
: , 
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TEST FACILITY DESCRIPTION 


The Ames Research Center Unitary Plan 11- by 11-Foot Transonic Wind 

Tunne) is a closed-circuit, air-medium, variable-density facility capable 

of attaining Mach numbers from 0.6 to 1.4 at Reynolds numbers from 1.7 x | 
10°/Ft to 9.4 x 10°/Ft. The test section is 22 feet long, and models are 

installed on internal strain-gauge balances mounted to sting-type support 


systems. 
Shadowgraph and Schlieren photographic equipment is available, and 





pressure transducer instrumentation is provided.— 


Tunnel operating temperature is 580°R. Extended high Reynolds number. . 


runs are restricted by power availability. 
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DATA REDUCTION 


Standard NASA/Ames data reduction equations were used to reduce 
forces, moments, and pressures to coefficient form. Orbiter hain balance 


force and moment coefficients were computed using the following equations: 


Symbol Orbiter main balance measurement 
NF Normal Force 
AF Axial Force 
PM Pitching Moment 
YM Yawing Moment ; 
SF Side Force 
RM Rolling Moment 
CA = AF / (q S) CL = CNY cos a “Cp sina 
CN = NF / (q S) CD = CNY sin at Ca, COS « 


Cy = SF / (q S) 


Cas 2p 0 Gye Xe 


Cm = ASE + : ; 

C, = ae + mo Moment Transfer Distances 
Xr = 0.572 in. 

C, = as dic Tht Yr = 0 


Zr = 0.450 in. 


The Moment Reference Center about which the data was reduced .45 


located at 
Orbiter (Full Scale) 
He 1076.68 
Yo 0 
Lo 375.00 


Balance coefficients were grouped into datasets RE80$$, 
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DATA REDUCTION (Continued) 


Hinge moments and hinge moment coefficients were computed using the 
following equations: 
Elevon hinge moments (inboard and outboard). 


HMa, = (HMT-HM2) (M1/D1) + HMI 


HMeg = (HM3-HM4) (M3/D3) + HM3 





where 

HMi = measured moment on strain gage 1 } 
Di = distance between gages 1 and 2, .49335 in. | 
D3 = distance between gages 3 and 4, .45800 in. , 
Ml = moment transfer distance for inboard elevon, .93825 in. ! 
M3 = moment transfer distance for outboard elevon, .92250 in. ) 


Elevon hinge moment coefficients 


Inboard, “He = MMe PP LU-Seee) 


Outboard, Cy = Hy, / (q Se Cg) | 
0 ! 


16: °C = C + C 
Tot Hero “Hey * “Hey | 
Sa = elevon reference area, 0.189 ft.’ | 

Co = elevon reference MAC, 2.721 in. | 


Body flap hinge moment coefficient 


A IS i et a ret Pe 


CHoe = MMe / (9 Spe che) 


HMp¢ = measured body flap hinge moment 


PD see ee a ee 


ti 


Shf body flap reference area, 0.12834 ft. 
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DATA REDUCTION (Continued) 


: Chf = body flap reference MAC, 2.541 in. 





Hinge moment coefficients are part of datasets RE8X$$. 
Pressure coefficients for all model orifice Pressure measurements 


were coOmputed using this equation: 


Cp, " (P, - P.)/q 


where P; = pressure at model orifice i 
P. = tunnel static pressure 
q = tunnel dynamic pressure 


Other data reduction constants include: 


S = wing reference area, 2.4210 ft.2 
c = wing reference chord, 14.2443 in. 
b = wing reference span, 28.1004 in. 





} After the data had been reduced to coefficient form by NASA/AMES, DMS 
interpolated it to nominal a's and g's. Then 2 types of base and sting 
cavity area coefficients were calculated. When they are applied 3 types : 
of balance coefficient data exists. These can be distinguished by the 
last subscript (symbolic name) or postfix (mnemonic name). The key is 
given below 

U ~ uncorrected coefficients. 


~ coefficients with sting cavity pressure corrected to 
base pressure (without a suffix). 


F ~ forebody coefficients with the base area pressure 
corrected to freestream pressure. 
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DATA REDUCTION (Continued) 


Only the correction coefficients associated with base pressure tapes | 
‘hraugh 4 were applied to the longitudinal orbiter coefficients. 

‘igure 2b illustrates the base area associated with each pressure 
tap. Alphabetic characters bf and sc designate body flap and sting cavity 
areas, respectively. Base area coefficient names have a numeric character 
which designates the pressure tap number. Basé coefficients for vertical 
tail areas 5 and 6 were calculated but not applied to the total orbiter 
coefficients. Base area coefficient values are tabulated in the appendix. 
A detailed derivation of these coefficients follows. It is concluded by 
a matrix of base area geometric properties. 


The orbiter sting cavity force and moment coefficients were computed 


as: 
cy = SEp2_- Spi) AI 
Asc S 
C - (Cho ~ Cyy) A, tan 12.55” 
Nsp 
= et Xsc 
tMgg * Age “Ee” Ngee 


The orbiter force and moment coefficients corrected for the differ- 


ence between balance cavity pressure and orbiter base pressure: 


Ca = CA, - Che. 
C eG ~ C 

N Ny Nee 
Cn ” Cn ‘ Cm 


These orbiter coefficients are part of datasets KEen$$. 
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Orbiter base 


Upper base area 


ONY 


CAeu 
Cn2u 


Lower base 
CHe, 
CA2 
CMe 

Total base 
Cy2 = 
Caz 


Cy 


OMS pod base area, Ay 


CA3 


7 ~(Cyo Noy)/S 


Ze 
- CA2, a ‘a CN2, 


DATA REDUCTION (Continued) 


force and moment coefficients were calculated as follows: 


“(Co Avy tan 16")/S 


CA2u fou : CN2u Xeu 
¢ C 





dread 


-(Cyo AQ, tan 10°)/S 


. a Ke eee en 


“(C5 Ap, dS 


X92 
C 


area, Ao 


mee lll eile Na 8 


CNY ° CN? » 


“m2 “in? g : 

| 

(This assumes the surface is perpendicular to the orbiter X-axis) | 
. ~(Cy3 A3)/S 

23 | 


= 3 
\ 


Cin3 


(apa &. 


- - GEL 


-CA3 
OMS pod base area, Ag 


(Ihis assumes the surface is perpendicular to the orbiter X axis) 


}/ 
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DATA REDUCTION (Continued) 


| Cag 7 (Ong Ag)/S 


; te a bn 
Ging 7 GAA E 


Coefficients for the above areas are grouped into datasets EEBD$$. 


Upper surface of body flap 


. . a: 88 
“Ai nes in (Spe + 6.8 ) 


“Gyr Abt ata - 
Cupe =e: - 60S (Spe + 6.88") 


ete CA,e Cbf 
yee 


Nye Abt 
one 


where: 


= “p200 * S201 * “peoa * “pans 
Phf 4 


The orbiter force and moment coefficients adjusted to free stream 
pressure (forebody coefficients). 
4 


ea A, + 
es Ss ald : ee 


cai * “Abt 
1 = e@ 


CAP = CAL - 
Cie = Sy ~(Cto * Cue) 

4 
Cur 7 Chu ~ : s , Cn; + Cone) 


- 


7 


These orbiter coefficients are part of datasets KE8OS$. 
Vertical tail "undercarriage" area, Ag 
Top Seyment: 


CNS t ~ (Cir, Not tan 63.75°)/S 
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DATA REDUCTION (Continued) 


Cast 2 ~ (Cog Age)/S 


Z x 
Cmst ° Cast vat : CNbt 


Middie Segment: 
CN Sm S (Cos Asm tan 26.1426°)/S 


Casm = ~ (Cys Agin)/S 


Z Xem 
Cm5m * Casm i CNSm 


Bottom Segment: 
CNSb = (Cp5 Adb tan 21.94°)/S 


Cash * > (Cys Agp)/S 


2 x 
Cmbb * CAS 22 - Cusp 22 


Total area, Ag: 
Cys = Cust + Cysm + CNSb 
Cas = Cast + Casm + Cash 
CMs = Cm5t + Cm5m + Sndb 
Vertical Tail base area, Ag: 


Segment above rudder 


Cneu = (Cog Agy tan 63.75°)/S 


Cagu = (Cp Agy)/S 


Z X 
Cméu 7 SAbu Su - CN6u 2H 
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DATA REDUCTION (Continued) | 
Rudder/Speed brake base: 7 

Cay © “pa Age, Eatin (0-55.1667") cos 65.1667" 
t cos (0 ©55.1667") sin 56,1667" cos (ar) J/S , 
“N64 o C6 Nes, [sin (0 ~ 55.1667") Sin 68.1667" 
- 60S (0-55.1667") cos 55.1667° cos (41) ]/S : 
Lyg, @ Cog Ag+, cos (0 ~55.1667") sin ér/S | 
C6, LCag (26) ~ Ong (X6 ) Ive ; 
| , ! 
Ce6, = [Cyg, (26) 1/b : 
Cn6, 2 -LCy6 (X6,)I/b | 

6 
. (3) 

9 = tan | 2-456791 + .573209 cos \ 27] 
3.797715 - .823715 cos (3) 
AG. : Ag /sin 0 7 
: 
Total area, Ae | 
} 


Cag = Cagy + Cree 
“Ne * Ne * Nee 
LY ¢ 7 OYE, 


Cnig * Cte * Crngy 


C v6 Uy be 


‘no * Ong, 


Vertical tail area coefficient data are grouped into datasets GESD$$. 
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DATA REDUCTION (Continued) 
ely Ati, fio 
() 0, 00060386 
My 0, 0450000 . 
4h 0,062 1000 
Hf 0. 9950800 
th 0, 1657400 I 
Key ~ 15.045 + 1.440277 [lecos (d5b/?) | 
Zep — W756 4 0,601827 [l-cos (65b/?) | | 
a 
Standard DMS loads cycle test procedures were used to process the | 
OA148 pressure data. First numerous pressure distribution plots were 
released. Analysis of these produced bad pressure data list. This list. | 
is reproduced below: 














DATA REDUCTION (Continund) 


OA148 Bad Pressurn Data 





Datasct Tap ae 
Component, NO. No, g 0 | 
Fusulage 1 143 4 -4 : 
(B) 1 148 4 -4 : 
] 150 4 ~4 ; 
1 152 4 ~4 ; 
186 4 ~4 
1 187 4 ~4 
1 189 4 ~4 oy 
1 191 4 -4 ; 

1 193 4 ~4 

Lower Wing 1+ 7 231 ALL ALL 
(L) 1 > 85 290 ALL ALL | 
} 316 4 -4 | 
1 317 4 -4 
] 337 4 ~4 
1 338 4 -4 : 

1 358 4 ~4 

1 378 4 ~4 

1 379 4 -4 
1 398 4 -4 , 
Upper Wing oe: 247 ALL ALL : 
(UN) 1 357 4 -4 ! 
Body Flap (F) 24 205 -4 12 | 
Speed Brake (K) 1 + 85 822 ALL ALL 
Vertical Tail 8 443 ALL ALL : 
(V) ALL 1444 ALL ALL 
79 1453 4 4 

79 1454 ~4 ~4 


Note: Wind tunnel pressure data tabulated in the appendix 
have the original bad data values. | 





DATA REDUCTION (Continued) 


Mwse points were eliminated from further processing. The remaining date 
were Interpolated to nominal alpha and beta values. Processing was com- 
pleted with the release of a magnetic tape containing the final interpo- 
Jated pressure coefficients. 

This report contains plots and tabular listings for both force and 
pressure data. Plctted force data illustrates lateral-directional, longi- ! 
tudinal and hinge moment characteristics of the configuration tested. 7 
Plotted pressure data illustrates the effect of several control deflec- 
tions and attitude changes on local pressure distributions. The multiple 
volume appendix contains a tabulated listing of the basic force and pres- 
sure data. Listing of the interpolated base area coefficients is also ! 


included. The plotted and tabulated data are arranged in the following 


manner: 
VOLUME 
NO. CONTENTS 
1 Force data plots showing lateral-directiona} 
longitudinal and hinge moment characteristics. 
VA Plots illustrating the effect of control] surface 


deflections on fuselage, wing and vertical tail 


pressure distributions. 


a 
a cane Caselli, lel i, ll a ——— 


DATA REDUCTION (Concluded) 


VOLUME | 
NO. CONTENTS 

3 Tabulated Force Data | 

2, 

Dataset Data type | 

| 

RE80$$ Source balance coefficients | 

RE8X$$ = source hinge moment coefficients | 

RE8Y$$ source base pressure coefficients | 

KE80$$ interpolated balance coefficients ¥ 

adjusted for cavity pressure and 

forebody coefficients 

EE8D$$ interpolated base and cavity area 

FE8D$$ coefficients | 

GE8D$$ interpolated vertical tail base | 

area coefficients 

Tabulated Pressure Data | 

Fourth 
Component Character* Page 
4,5 orbiter fuselage B 1 
6,7,8 Tower wing L 1271 
9,10,11 upper wing U 3147 
12 upper body flap F 5405 
12 lower body flap G 5774 
13 speed brake K 6143 
13 vertical tail V 6547 


* The fourth character in each dataset identifier (i.e., XE@BXX, 8 for 
Fuselage) represents the individual component. 
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| TEST 4 gayag DATE § May 1975 _| 








TEST CONDITIONS 
REYNOLDS NUMBER. DYNAMIC PRESSURE — ISTAGNATION TTMPERATHRE 
meee. (ner Poot, ) (pounds.’sq, inch) (degrees Fahrenhest) | 
ih 4.52 » 10 nee | eee) A | | 
Ec: |: ee 1 I a See: 155i reer ieee | | 
: 
‘48 





BALANCE UTILIZED: .U_ARC Task MK AXA | 
CAPACITY: ACCURACY. Fees | 

Nr 3000 Ibf/gage __ a er | | 

SF 1500 1bf/gage ae ee — ae | 

AF = 600 Jbf eT eee oe | 

PM O00 ineibFo lah career td, | : 

mw 4000 in-IbF | 

ym 10,500 in-Ibf nee ! 

COMMENTS: Maximum normal and side force dependent upon point of 


application 
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TABLE II - Continued. 
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TABLE II. - Continued. 
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TABLE IZ. - Concluded. 
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TABLE TV] 
MODEL DIMENSIONAL DATA | 
MODE, COMPONENT BODY = Mg ! 
GENERA! DESCRIPTION © Confiruratien JhOM/] orbiter furalage. = | 
OT 2420 Idontier) to Boy xcept undurgldy of fuselage bao bova . | 
_—Pefakrod bo weap, Wye cme sn eimneeenn ene - 
MOUW) CALM: 0,090. MODEL DUAWING: usieAUOIAY, telungu 2 i" 
DRAWING NUMBER , ma 2020 yt JOHOR El JOU, | 
VINO-Q00140A, ~J00140B 
DIMENSIONS : FULL SCALE MODEL. SCALE | 
Paneth (OMI: Fwd Sta. XQ -235),In. 1293.3 38.799 , 
Length (IML: Fwd Sta X 238), Tne /820.3 = B09 | 
Max Width (@ X; = 1528.3), In. wamoee ln a a, "eee | 
Max Depth (ew X_y = 1464), In. 2.30.9 1 HOO | 
Fineness Ratio wae | 
Area ~ Le mms eerie | 
Max. Cross—Sectional 340.88 0.3068 | 
Planform | 
Wetted ei | 
Base ‘iii «ata antares : 
| 
| 
| 
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TABLE TIT (Continued) 


MODEL COMPONENT : 





GENERAL DESCRIPTION : — ——w Md oura bon UW0A/B orbiter, fuuglage sel th 


Sforward fuselage RCS thrustor porte 





othorwito Bug in identdeal to 
Ba ¢ 
MODEL SCALE: 0,030 


DRAWING NUMBER .« VL70-000140A, ~0001408 “O001436, -000145, 00 
VL70-000205, -006089, ~008501, io. eee 








DIMENSIONS ; FULL SCALE MODEL SCALE 
| / ‘ 
Lovgh (its Aad Stay 2236), Tuas SDB 
Max Width (@ X) = 1528.3), In, 2640 gay 
Max Depth (@ Xq = 1464), In. 250.0 74.500 
Fineness Ratio a 00-1 So ¢ 79) 
Area - Ft® ee eee, 
Max. Cross-Sectional 0.88 023068 
Planform ee | em 
Wetted SSE 
Base fee ke 
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TABLI, TIT (Cont'd) a 


MODEL COMPONENT : UU CANORY > Co See en 


—_—_—_— an 


= -~amagye 


GENERAL DESCRIPTION =. Cont ieupaldon 3A. Canopy used with fuqelapa 


[, 











MODEL, UALR: 0.030 


DRAWING NUMBER. JVU7ZO=00014 3A 


DIMENSIONS . FULL SCALE 


Length  (X,4434.643 to 578), Th. 43.357 
Max Width (0 Xp = 513,127), In, Lbeebde 


Max Depth (« X, = 485.0), In. 25.00 


pg 
Se aie 
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Fineness Ratio 
Area 


Max. Cross—Sectional 


Planform 


Wetted 


Base 


TTT 
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MODEL SCALE 


4.57? 


0.7 40 
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TABLE TTI (Cont'd) 


MODEL COMPONENT RLM 





GENERAL DESCRIPTION i010 Sy ound Machined into Be, Aduvon, 


flipper doors fontorhody ploena, and lpseals aro not simulated, 


SR ee 


(Data arn for ena af twa bddau, ) 
Th See: oS eats ie Bes 


Le ee ee 


MODEL GOALIE 0.030 


SSE MEY SLi tee. : i 


a 


DRAWING NUMBER 


DIMENSIONS FULL SCALE 


Area = ft” 210.0 


Span (equivalent) . In, 


Inb'd equivalent chord, In, 118.0 


Outb'd equivalent chord , In. 


Ratio “iovable surface chord, 
total surface chord 


| 
| 


0.209% 


0.4004 


At Int'd equiv. chord 

At Outh’d equiv, chord 
sweep Back Angles, degrees 

Leading Edge 


Travling Edge 


itl 


Hingeline _ 
(Product of Area & c) 


Area Moment (btammbuaduegedate) , L757 ..25 _ 


Mran Aerodynamic Chord, Tn, 90.17 
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3. 54 


0 r 20 96 
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TABLE III (Cont'd) 


BODY FLAP = 


MODEL COMPONENT  eemeeer ener nn ne er ee err ee 


GENERAL DESCRIPTION : Configuration UOA/B 





LL SASS A tee Se SEP er ORSSS et -=s—nitesiennsni-——oe- 


TLS LL Tea CaS SS Ses ee ce apsintuensurusneeestirmnam:. 


TE PETES oe ae ST 


MODEL SCALE: 0.030 


DRAWING NUMBER; VL70-O00140B, +000200 


DIMENSIONS : 


Length (Chord), In. 
Max Width , In. 
Max Depth, In. 
Fineness-Ratio 
Area = Ft 
Max. Cross—Sectiong! 
Planform 


Wevted 


Base 


FULL SCALE 


of 


262.308 
23.00 


| 











142.60 








41.90 
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MODEL SCALE 





ao Sh 
7.869 
0.690 
0.128 
0.0377 
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TABLE II (Cont'd) 


MODEL COMPONENT : OMS POD = Mag oe 
GENERAL DESCRIPTION : , Configuration 140C orbiter OMS pod = short pod. 


kxternal contour is to referenced drawings with J/2" added to simulate 
TPS. 








MODEL SCALF: 0,015 





DRAWING NUMBER: —VL70-00840], -OO8h]O 
DIMENSIONS ; . FULL SCALE MODEL SCALE 
Length (OMS Fwd Sta Xp =1310.5),In. 258,50 fame 27's As} Ye 
MoxWidth (@ X5.=1511), In. 136.8 4.104 
Max-Depth (@ X, = 1511), In. —TheTO 
Fineness Ratio a Bk eB 
Area @- Ft ee oF 
Mox. Cross—Sectional 58. 86 __ 9053 
Planform 
Wetted 
Base ee ee ae ae ee ne 
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Figure 3. - Model installation photographs. 
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APPENDIX 


VOLUME 
NO. CONTENTS  _ PAGES 
3 TABULATED FORCE DATA 1-723 
TABULATED PRESSURE DATA 
COMPONENT 
4, § Orbiter fuselage 1-1270 
6, 7, 8 (Note) Lower wing 1271-3146 
9, 10, 11 (Note) Upper wing 31Q7- 5404 
l2 Upper body flap 5405-5773 
le Lowér body- flap 5774-6142 
13 Speed brake 6143-6546 
13 Vertical tail 6547-7114 


Note: Data tabulated at 2Y/BW = .673, X/CW = .775, 6850, .950 & 1.00 
were actually located at 2Y¥/BW = .641, X/CW=.775, .850, You 
& 1.00 as shown in Table V on page 4/7. 
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